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‘ . Type DHP
Application on Symmetrical
Current Rating Basis
Table 1: Application: Available Breaker Types
Identification . _| Rated Values Related Required Capabilities@
Voltage Insulation Level i Current Current_VaIues
Rated Withstand Maxi- | 3 Sec. | Closing
Nominal | Nominal | Rated Rated Test Voltage Rated Raled | Rated | Rated Rated \rsn\:irrr:’\ %I:;);t— la_:?chin
Voltage | 3-Phase, Maximum| Voltage Contin- | Short Inter- Permis- { Max Inter.- Cur- Capabil?ty
Class MVA Voltage Range uous Circuit | rupting | sible Voltage rupting | rent (Momantary)
Class Factor Current | Curreni| Time Tripping | Divided Capa- | Carry- \f
(at Delay By K o ~arry
ied bility ing
{\i:x Capa-
Kv) - bility
Lo K Times Rated 1.6 K Times
@ Frevi, Impulse @ ® Short-Circuit Rated Short-
Circuit E K guency 1 Y E/K Current® Circuit ;
Breaker Kv MVA KI Current 1
Type Class Class Kv rms Kv rms | Kv rms | Amperes| KArms| Cycles | Sec. Kvrms | KAmms| KArms| KA rms :
50 DHP 75 75 1.36 1200 88 35 12 12 19
50 DHP 250 1200 58
418 250 476 1.24 19 80 2000 28 5 2 3.85 | 386 36
H50 DHP 2600 1200 780
2000
1200
50 DHP 350 350 1.19 2000 41 4.0 49 49 78
3000
75 DHP 500 7.2 500 8.25 1.2% 38 95 1200 33 5 2 6.6 41 41 66
2000
o 150 DHP 500 1200 37
il 2000
500 8 23 23 58@®
H 150 DHP 500D 1200
2000
150 DHP 750 13.8 760 15 1.30 36 95 1200 28 5 2 11.5 36 36 58
i 2000
H 150 DHP 7600 i 1200 770
2000
@ Nor_\-Stand_ard Breaker with High Momentary @ For Reclosing Setvice, the Sym. Interrupting @ Tripping may be delayed beyond the rated per-
Rating available for Special Apglications. Capability and other related capabilities are modi- missible tripping delay at lower values of ¢urrent
® For 3 phase and line to line faults, the sym. inter- fied by the reclosing capability factor cbtained in accordance with the following formula:
rupting capability at a Kv operating voltage from the fO”"VE'“Q formuli?l:5 T o15—T T (seconds)=
=E— (Rated Short-Circuit Current) R (%)=1OO—E[(n—2)+ - 7-5—1 + 5 2+, Kl (K Times Rated Short-Circuit Current)]?
Kv ) . Short-Circuit Current Through Breaker
But not to exceed Ki. Where C=KA Sym. Interrupting Capability at the Th L I .
Single line to ground fault capability at a Kv Qperating Voltage but not less than 18 e aggregate tripping de. ay on all operations
operating voltage n=Tatal No. of Openings within any 30 minute period must not exceed the
£ o T,. Ta, etc.=Time interval in seconds ex- time obtained from the above formula.
=1.15 o {Rated Short-Circuit Current) cept use 15 for time intervals longer
But not to exceed Kl. than 15 sec.
The above apply on predominately inductive or Note: Reclosing Servjce with the
resistive 3-phase circuits with normal-frequency standard duty cycle 0+155+CO Does
line to line recovery voltage equal to the oper- not require breaker Capabilities modi-
ating voltage. fied since the reclosing capability
factor R=100%

Application Considerations ) Rated Continuous Current
Westinghouse medium voltage metal-clad ft should be noted that for a particular The continuous current rating of a circuit
switchgear provides control and protection  application there may be other items of breaker is a maximum rating. The circuit
for generators, motors, transformers and technical importance that require careful breaker rating should always be in excess
all types of feeder circuits. In the usual consideration. Also requirements for special ¢ 1he ysilization equipment rating to
application the selection of the circuit applications or unusual service conditions  ,vide for short time overload capability.
breaker for the operating voltage. to carry ~ Should be referred to the nearest West- -
the load current and provide for the inter- inghouse Sales Office with details and a Transformer main breakers should be rated
; f th ilable short-circuit is of request for recommendations. in excess of 125% of transformer full load

ruptlon ot the availa ori-circuit s o amperes. Always consider forced cooled
primary importance. The purpose of this Rated Maximum Voltage rating, possible future forced cooling and

7 a!ppllcatlon data is to aid in this selection. The kv operating voltage should not ex- 12% additional capacity for 65°C. rise

S ’ ceed the rated maximum voltage, Ein rating when used.
Table 1, since this is the upper limit for

operation,
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Induction motor and synchronous motor
starting breakers should be rated in excess
of 126% of motor full load amperes.

Generator breakers should be in excess of
125% of generator full load current. Other
factors such as increased capacity at 1.0
power factor, reduced voltage or low
ambient temperature rating may have to
be considered.

Capacitor bank feeder breakers should
have a rating in excess of 135% of the
bank full load current. This is due 10 a 0
to +15% manufacturing tolerance in
capacitors, KVAR due to harmonic cur-
rents and possibility of up to 10% over-
voltage. Capacitor switching is generally
limited to 1200 ampere breakers since
larger size banks are switched in steps and
other factors such as limiting transient
voltages and momentary duty from switch-
ing capacitors back to back or other
limitations due to the type of breaker may
have to be considered.

Interrupting Capability

Table 1 lists rated short-circuit current at
rated voltage for the various available
circuit breaker types which is adjusted for
the operating voltage to obtain the 3
phase symmetrical interrupting capability.
This value is multiplied by 1.15 to obtain
the single line toc ground capability. Note
that the 3 phase or single line to ground
capabilities may not exceed Kl, the maxi-
mum symmetrical interrupting capability.

Although these capabilities are expressed
in sym. kilo-amperes, the circuit breaker
shall be able to interrupt all values of
assymmetrical as well as symmetrical
short-circuit current from a system having
an X/R ratio of 15 or less,

Short-Circuit Duty

To check the breaker application from an in-
terrupting standpoint, compare the inter-
rupting capability at the operating voltage
with the short-circuit duty determined for the
point of application in the power system.

Tabhie 2 tists multiplying factors depending
upon the system X/R ratio and the breaker
rated interrupting time to obtain the max-
imum short-circuit duty, If the maximum

Table 2: Multiplying Factor for E/X Amperes

X/R Ratio
SOURCE OF SHORT CIRCUIT Range
LOCAL
From local syn. machines directly
through transformer rated 25 to
100 MVA.
@ Max. Mult. Factor 1.25 3¢ Fault
1.43 LG Fault

From syn. machines at breaker
voltage

@ Max. Muit. Factor 1.25 32 Fauit
1.43 LG Fauit

30-50

40 -160

REMOTE
From remote syn. machines through
transformers rated 256 to 100 MVA
where transformers provide 90% or
more of total equivalent impedance
to the point of fault.

@ Max. Mult. Fagtor 1.25 3¢ or LG

From remote or local syn. machines
at breaker voltage through current
limiting reactors where reactors con-
tribute predominately to the react-
ance of the circuit.

@ Max. Mult, Factor 1.43 3@ or LG

15-40

40-120

System Type of Circuit Breaker, DHP
X/R Rated Interrupting Time, 5 Cycle
Type of Fault
Ratio 3 | LG | 3 & LG
Source of Short Circuit
Local | Remote
1 1.00 1.00 1.00
®15 1.00 1.00 1.00
20 1.00 1.02 1.08
25 1.00 1.06 1.10
30 1.04 1.10 113
35 1.08 1.14 117
40 1.08 1.16 1.22
45 112 1.19 1.25
50 1.13 1.22 1.27
56 1.14 1.25 1.30
60 1.16 1.26 1.32
65 1.17 1.28 1.33
70 1.19 1.29 1.35
75 1.20 1.30 1.36
80 .21 1.31 1.37
85 1.38
90 1.22 1.32 1.3%
95 1.40
100 1.23 1.33 1.41
110 1.24 1.34 1.42
120 1.24 1.35 1.43
130 1.24 1.35 1.43

@ Where system X/R ratio is 15 or less, the mult. factoris 1.0,
@ Not necessary to calculate the system X/R ratio when max. mult. factor is used,

multiplying factor for the source of short-
circuit current is used, it is not necessary
to calculate the system X/R ratio. If the
system X/R ratio is 15 or less, the multi-
plying facter is 1.0.

Short-Circuit Duty=E/X amperes (Max.
Mult. Factor)

A closer check of the application requires
calculation of the system X/R ratio. It is
sufficiently accurate (on the conservative
side) to neglect the resistance component
when calculating the system reactance X
and neglect the reactance component
when calculating the system resistance R.
Use actual equipment data for important
electrical devices wherever possible,

Typical data for various system components
is included in Table 3 for estimating
purposes.

X
System X/R ratio =ﬂ—1 for 3 phase faults
1

g =2 F Xo o cingle line ¢
an 7R, + R, or single line to ground

faults where X, and X, are positive and
zero sequence reactances, Ry and R, are
positive and zero sequence resistances.

System X/R ratio so determined is used
to obtain the E/X ampere multiplying
factor from Table 2.

Short-Circuit Duty=E/X amperes {Mult.
Factor Table 2)

|
A




E/X Amperes Calculations

Short circuit calculations usually consist
of simple E/X computations:

single line to
ground fault

.- 3E

L6™7ax, + X,
where E is line to neutral operating voltage,
and reactances are chms, per phase, line
to neutral.

3 phase fault

E
|3z=§

Computations are simplified by selection
of a common base and using the per unit
system of calculations:

single line to
3 phase fault ground fault
| g o= 3lg
3K ST F X,
Where | is the base current in kilo-
amperes and reactances are in per-unit of
the common base. Convenient per-unit
system formulas:

MVA B Kvz2
la=-———f‘E Base ohms=

V@ Kv MVA
L X _X
per unit X—m MVA base or = lg
_ X ohms __X percent
Of =pase ohms o'~ 100

Where system is impedance grounded to
limit the single line to ground fault to the
3 phase fault value or lower, only the 3
phase fault calculations are necessary.

Table 3 lists reactances quantity to be
used for X for the various system com-
ponents. Use actual data for important
electrical devices wherever possible.
Typical data is included for estimating
purposes.

The E/X amperes determined are in rms
symmetrical kilo-ampere.

Momentary Duty

When motor contribution exceeds 10% of
the total short circuit, an additional calcu-
lation should be made to determine the
momentary duty using the reactance
quantities for momentary duty from

Table 3.

Momentary Duty=1.6 E/X Amperes

Compare momentary duty with close and
latch capability or momentary rating
listed in Table 1.

Table 3: Reactance X for E/X Amperes

System Component

SRR TR AETIETY
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Reactance X Used for

Typical Values & Range
on Component Base

Short-Circuit Momentary % Reactance X/R Ratio
Duty Duty
2 Pole Turbo Generator X X 9 80
7-14 40-120
4-Pole Turbo Generator X X 14 80
12-17 40-120
Hydro Gen. with Damper Wdgs. and Syn. X X 20 30
Condensers 13-32 10-60
Hydro. Gen. without Damper Windings J5 X 1.0X 30 30
20-50 10-60
All Synchronous Motors 1.5 X 1.0X 24 30
13-35 10-60
ind. Motors above 1000 HP, 1800 RPM and 156X 1.0 X 25 30
above 250 HP. 3600 RFM 15-26 16— 40
All Other Induction Motors 50 HP and Above | 3.0 X 1.2 X 25 15
15-256 5-20
Ind. Motors Below 50 HP and all Single
Phase Motors Neglect Neglect | ...... | ......
Distribution System from Remote Transformers | X X as Specified 15
or Calculated 5-15
Current Limiting Reactors X X as Specified 80
or Calculated | 20120
Transformers
0A to 10 MVA, 63 KV X X 5.5 10
5-7 6-12
OA to 10 MVA, above 89 KV X X 7.5 12
7-11 8-15b
FOA 12 10 30 MVA X X 10 20
8-24 10-30
FOA 40 to 100 MVA X X 15 30
8-35 2040

For machines use subtransient reactance Xd" for X.
For other system components use positive sequence reactance X, for X.
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Example 1 - Fault Calculations

Type E 3 @ Sym. Interrupting Capability Close & Latch
Breaker Max. |"@ E. Max. | Max. KI | @ 4.16 Kv Oper. Voltage | 0 Momentary
5QDHP75 4,76 8 12 KA 4,76 19 KA
8.8 Ka 4.7 {8.8)=10.1 KA ®
416 &

LG Sym. Interrupting Capability

12 KA

1.15 (10.1)=11.6 KA
@

Note: Interrupting capabilities @ and (D at operating voltage do not exceed max. sym. interrupting

capability KI.

Check capabilities ® @ and @ on the following utility system where motor contri-

bution to short circuit is small and may be safely ignored.

13.8Kv On13.8KvSystem, 3.75Mva Base
X, _3.75Mva _
715 Z= 355 Mivo OIPU O 1%
2

375 Mva Available 22=X2+R2=R2(%+1)

I SN S B

R b Tosc 15.08 .066%
Re

ek S\ x=§(R)=15(.066)= 99%

AAAL
3750 Kva Transformer Standard 5.5% Impedance has a 7.5% Manufacturing Tolerance

mfv\

5.50 Standard Impedance
416k Tronsformer 2= r=-ALL-75% Tolerance)
= ranstormer £= £ oa,
50DHP75

From transformer losses R is calculated

31.000 Watts Full Load 24.2 KW
—6,800 Watts No Load =3750 kYA 0065 pu or .85%

24,200 Watts Load Losses

Transformer X=+/Z2 ~ R2=+/(5.09)2 - (.65)2=+/25.91 ~ . 42=+/25.48
X=5.05%

| X | R | X/R
13.8 Kv System .99% .066% 15 }
Transformer 5.05 .65 8
System Total 6.04% 716% 9 )
or .0604 pu .00716 pu

For 3 Phase Fault

|3g=; where X is ohms per phase and E
is line to neutral voitage

or |3IZ,=IYB where X is per unit reactance

and lg is base current.

7
Base current IB=M=. 2 KA
V3 4.16 KV
_le_52 _
lag= X'_.0604_8'6 KA Sym.

X
System §=9 (is less than 15) would use

1.0 mult. factor for short-circuit duty,
therefore, short-circuit duty is 8.6 KA

sym. for 3g fault @ and momentary duty
is86x1.6=137KA®

For Line to Ground Fault

| _SE __3lg

LTI, + X, T T, T X,

For this system, X, is the zero sequence
reactance of the transformer which is
equal to the transformer positive sequence
reactance and X, is the positive sequence
reactance of the system.

Therefore,
he=052) _____gikas
L =2(0604) + .0505 ym.

Using 1.0 mult. factor, short-circuit duty=
9.1 KA Sym. LG @

The 50DHP75 breaker capabilities exceed
the duty requirements and may be applied.

With this application, short cuts could
have been taken for a quicker check of
the application. If we assume unlimited
short circuit available at 13.8 KV and that
Trans. Z=X

Then lag =l ¢ =g =—=-=-=9.6 KA Sym.

X/R ratio 15 or less mult. factor is 1.0 for
short-circuit duty

The short-circuit duty is then 9.5 KA Sym. -
@ @ and momentary duty is 9.5 x 1.6

KA=152 KA @




Example 2 — Fault Calculations
All calculations on per unit basis, 7.5 MVA
Base

7.5 MVA
Base Current {g=———=.628 KA
/3 6.9 KV
| X | R | X/R
\

13.8 5\8, System ]
628 (6.9) _ :
—71— 1—3.—8——'015 018 .001 ‘ 15

Transformer .055 .0055 | 10

Total Source Transf. 070 pu .0065 pu | 11

3000 HP Syn. motor

628

X=.20 ( 197)=.638 pu at 7.6 MVA base

2500 HP Ind, Motor
_ (.628) _

X=.26 (.173)—.908 pu at 7.5 MVA base

E |
13g=$<' or =YB where X on per unit basis

R
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13.8Kkv

A

TS500Kva

6.9Kv

A O

13.8Kv System

21KoSym. Available 515

Z=5.53%

X=5.5%
R=0.55%

D
(]
o

3000Hp
1.OPF
Syn.

X_
325
197AFL
Xg=20%

X_

7735
173AFL
X3=25%

2500Hp
Ind.

Source of Short Circuit Current Interrupting Mamentary X X(H_1
E/X Amperes E/X Amperes R ﬁ("';"ﬁ
628 .628 i1

® Source. Transf, 76 =8.971 m—ﬂ‘g-” 1 :6.76—1 67
.628 .628 26

@ 3000 HP Syn. Motor 21—.?)-.638_ 656 B3 .984 256 838 39
628 _ 628 36

@ 2500 HP Ind. Motor T5r.008" 461 08" .691 35 508" 39
lgg=  10.088 10.647 Total 1/R=235

or 10.1 KA x1.6
_Il_.628_ 17.0 KA Momentary
Total X_I3F_10.1 =062 Duty

System 5=.062 (235)=14.5 is Mult. Factor 1.0 from Table 3.

R

Short circuit duty=10.1 KA

Type E 3@ Sym. Interrupting Capability o Close & Latch or
Breaker Max. |"@ E Max. | Max. KI | @ 6.9 Kv Oper. Voltage Momentary
8.25
750DHP500 8.2b 33 KA 41 KA e (33)=395 KA 66 KA
15 (18)
160DHPH00 15 18 KA 23 KA —6—9—=(39.1)=23 KA 37 KA
(But not 1o exceed K!)

Either breaker could be properly applied, but price will make the type 150DHP500 the
mare economical selection.
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Example 3 — Fault Calculations
Check breaker application on generator bus where

Each generator is 7.5 MVA, 4.16 KV 1040 amperes full load. [g=1.04 KA
Sub transient reactance Xd"'=11% or, X=.11 pu

Gen 5 ratio is 30

R
17 1. 1.1 3 1 1 1.1 3
x"xtx T x"x R, TRTRYRTR
X R Xe_X_ X _
or Xs—g and R,—§ Therefore, System R_,,_ﬁ_Gen ﬁ—BO

Since generator neutral grounding reactors are used 1o limit the | g to I3z or below, we
need only check the lzg short-circuit duty.

_lg,la la_3ts_3(1.04) _
Igg—"x_‘+x +)?_X T =28.4 KA Sym. E/X amperes
X

Tabte 3 System B O 30 is Mult. factor 1.04

Short-circuit duty is 28.4 (1.04)=29.5 KA Sym.

Type E | 3@ Sym. Interrupting Capability

Breaker Max. | @ E Max. [ Max. KI | @ 4.16 Kv Oper. Voltage
4.76

50DHP250 476 29 KA 36 KA 275(29)=33.2 KA
476

50DHP350 4.76 l 41 KA 49 KA | Z76(41)=46.9 KA

The 50DHP250 breaker could be applied. However, the 50DHP350 breaker would permit
addition of a future duplicate generator.

4(1.04)
1

Future Short-Circuit Duty= (1.04)=39.3 KA Sym.

N

B ddhide

_rU\_".

416Ky




Table 4: Application Quick Check Table
For application of circuit breakers in a radial system supplied from a single source trans-
former. Short-circuit duty was determined using E/X amperes and 1.0 multiplying factor
for X/R ratio of 15 or less and 1.25 multiplying factor for X/R ratios greater than 15.

Kv Operating Voltage

Source Transformer

MVA Rating
Motor Load
100% | 0% 2.4 416 6.6 12 13.8
1 1.5
1.5 2 50 DHP 75
2 2.5 12 KA 50 DHP 75 150 DHP 500 | 150 DHP 560 [ 150 DHP 500
10.1 KA 23 KA 225 KA 19.6 KA
2.5 3
3 375 | 50 DHP 250
36 KA
3.75 5
5 7.5 50 DHP 250
33.2 KA
7.5 10 50 DHP 350
100 10 49 KA
1 1
12 1§® 50 DHP 350
46.9 KA 76 DHP 500
—————|————| Breaker Type 41.3 KA
15 20 and
Sym. Interrupting Capacity
0@ 20 at the Operating Voltage 160 DHP 750 | 150 DHP 750
35 KA 30.4 KA
25
30

@ Transformer Impedance 8.5% cr more, all other Transformer Impedances are 5.56% ot mare.

T TR
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